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PREFACE 
Th i s s t u d y i s an e x p e r i m e n t a l i n v e s t i g a t i o n of a low d i s t o r t i o n 
m i x e r u s i n g a b e a m - d e f l e c t i o n t u b e a s t h e a c t i v e c i r c u i t e l e m e n t . The 
m a t e r i a l h e r e i n i s l i m i t e d i n i t s s c o p e i n t h a t t h e i n v e s t i g a t i o n c o v e r s 
o n l y one o f s e v e r a l b a s i c c i r c u i t c o n f i g u r a t i o n s t h a t a r e s u i t a b l e f o r u s e 
w i t h b e a m - d e f l e c t i o n t u b e s . I t i s a l s o l i m i t e d b e c a u s e o n l y one t y p e of 
b e a m - d e f l e c t i o n t u b e has been c o n s i d e r e d . 
The p u r p o s e of t h i s i n v e s t i g a t i o n was t o d e s i g n a low d i s t o r t i o n 
m i x e r f o r u s e i n r e c e i v e r s s u c h t h a t d i s t o r t i o n p r o d u c t s g e n e r a t e d i n t h e 
t r a n s l a t i o n a l p o r t i o n of r e c e i v e r s can be made s m a l l enough i n c o m p a r i s o n 
t o t h e d e s i r e d s i g n a l so t h a t t h e p o t e n t i a l a d v a n t a g e o f S i n g l e S ideband 
t e c h n i q u e s w i l l n o t be l i m i t e d b y t h e r e c e i v i n g equ ipmen t u s e d , 
A g r e a t d e a l o f work has been c a r r i e d o u t by r e s e a r c h e r s toward 
t h e d e v e l o p m e n t o f low d i s t o r t i o n power a m p l i f i e r s f o r u se i n S i n g l e S i d e -
band s y s t e m s , b u t r e l a t i v e l y l i t t l e work aimed a t p r o d u c i n g low d i s t o r t i o n 
m i x e r s has been r e p o r t e d . C o n v e n t i o n a l m i x e r s used i n communica t ions 
r e c e i v e r s p o s s e s s s e v e r a l d i s a d v a n t a g e s w h i c h a r e c o v e r e d i n C h a p t e r I I 
o f t h i s work . These d i s a d v a n t a g e s a r e a t l e a s t p a r t i a l l y overcome by t h e 
u se o f a w e l l d e s i g n e d b e a m - d e f l e c t i o n t u b e a s t h e a c t i v e c i r c u i t e l emen t 
i n p r o p e r l y d e s i g n e d m i x e r s . 
I g r a t e f u l l y acknowledge t h e a s s i s t a n c e o f t h e members of my r e a d i n g 
c o m m i t t e e , P r o f e s s o r Howard McKennley and Mr. W. B. W a r r e n , whose a d v i c e , 
b o t h t e c h n i c a l l y and e d i t o r i a l l y , haA^e made my p r o b l e m s i n t h i s work a 
p l e a s u r e . The a i d , a d v i c e , and c o u n s e l o f my t h e s i s a d v i s o r , D r . D. L. 
Ill 
Finn, which has been a source of encouragement to my throughout this entire 
endeavor, is also gratefully acknowledged. To my wife Carolyn., to whom 
this work is dedicated, I wish to express my deepest appreciation for her 
endless patience and encouragement. 
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Intermodulation distortion, particularly third and fifth order, if 
generated in any part of a single sideband system can be detrimental. One 
portion of such systems which has received comparatively little attention 
by researchers is the mixer used in receiving equipment. A recently 
developed beam-deflection tube was investigated as an active element for 
use in a low distortion mixer. Such a low distortion mixer was investi-
gated both analytically and experimentally, and the data relating the 
intermodulation characteristics of the mixer to the mixer parameters are 
presented both in tabular and in graphical form. Appropriate conclusions 
and comparisons regarding the usefulness and operations of such a mixer 
are given. 
The experimental investigation reveals that, with the proper choice 
of mixer parameters, mixers having intermodulation products with levels 




With the advent of Single Sideband (SSB) techniques several years 
ago, many new communications problems arose. Most of these problems 
have been satisfactorily solved, but certain of them have received little 
attention. Some of the problems that have not received sufficient atten-
tion are the development of adequate AGC and AVC receiver circuitry, power 
amplifier distortion monitoring equipment (l), and low distortion mixers 
for use in both transmitting and receiving equipment. In this study an 
attempt has been made to present a possible solution to the latter of 
these mentioned problems, 
One of the most stringent operating conditions of a Single Sideband 
system is the commercial or military use of SSB for multiplex operation 
wherein several different voice communication channels are transmitted in 
each sideband. In such a system the presence of intemodulation (IM) dis-
tortion products result in undesired interference which is manifested in 
the form of inter-channel crosstalk. Crosstalk is a form of "babble" and 
is a most annoying form of interference (2, 3)- Thusly, the concern of 
the system design engineer can not be limited to the linearity of the trans-
mitting equipment alone, for the generation of intermodulation products in 
any part of the system will result in crosstalk and a degradation of the 
full potential of the SSB technique. 
The state of the art in the design of linear power amplifiers is 
such that the intermodulation products generated in the r-f portions of SSB 
2 
transmitters can be kept 50 db below the level of the desired signal (K). 
It is thus apparent that, if the mixers used in either the transmitting or 
receiving equipment generate distortion products which are of any greater 
level, relative to desired signal, then those generated in the power ampli-
fiers, the entire system performance suffers, and only by reduction of 
distortion in all portions of the SSB system can the state of the art be 
advanced. 
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CHAPTER I I 
INTERMODULATION PRODUCTS AND THEIR GENERATION 
The u se o f s i n g l e s i d e b a n d t e c h n i q u e s a s opposed t o a m p l i t u d e 
m o d u l a t i o n , f r e q u e n c y m o d u l a t i o n , p u l s e code m o d u l a t i o n and o t h e r s , p r o -
v i d e s s e v e r a l a d v a n t a g e s . P o s s i b l y t h e g r e a t e s t a d v a n t a g e t h a t s i n g l e 
s i d e b a n d has o v e r t h e s e o t h e r forms o f communica t ions i s t h e c o n s e r v a t i o n 
of t h e r a d i o f r e q u e n c y s p e c t r u m . As t h e name " s i n g l e s i d e b a n d " i n d i c a t e s , 
t h e t r a n s m i t t e d s i g n a l i s l i m i t e d t o e i t h e r "the u p p e r o r t h e lower s i d e -
band o f t h e g e n e r a t e d s i g n a l . T h i s i s u s u a l l y a c c o m p l i s h e d i n e i t h e r of 
two w a y s . E i t h e r t h e s i g n a l i s g e n e r a t e d e n t i r e l y b y e l e c t r o n i c means 
u s i n g b a l a n c e d m o d u l a t o r s and p h a s e s h i f t i n g n e t w o r k s o r a d o u b l e s i d e b a n d 
z e r o c a r r i e r (DSBZC) s i g n a l i s g e n e r a t e d u s i n g a b a l a n c e d m o d u l a t o r and t h e 
u n d e s i r e d s i d e b a n d i s f i l t e r e d o u t by u s e of a h i g h a t t e n u a t i o n f i l t e r 
h a v i n g t h e n e c e s s a r y and d e s i r e d shape f a c t o r . R e g a r d l e s s of how t h e s i g -
n a l i s g e n e r a t e d o n l y one s i d e b a n d i s t r a n s m i t t e d . I f an a u d i o s i g n a l such 
a s i s shown i n E q u a t i o n ( l ) i s a p p l i e d t o a b a l a n c e d m o d u l a t o r t o w h i c h a 
c a r r i e r , such a s i s shown i n E q u a t i o n ( 2 ) , i s a p p l i e d , t h e r e s u l t i n g o u t -
p u t w i l l be a s i g n a l a s i s g i v e n i n E q u a t i o n ( 3 ) . 
f ( t ) = A cos co t + A cos c o t (1) 
F ( t ) = B cos w t (2) 
c v c 
F , ^ ( t ) = C cos (to - w. ) t + C cos (to - w ) t + ("5) 
d s b x c 1 c 2 
C cos (w + U K ) t + C cos (w + top)t 
k 
If for example the lower sideband of the signal given in Equation (3) is 
to be transmitted, the upper sideband must be removed. One method to 
accomplish this is the filter method mentioned above. If the upper side-
band is filter out the resulting signal will be 
Fssb(t) = C cos (Wc-W1)t+ C cos (Wc-W2)t . (k) 
This signal consists of two spectral spikes located in the frequency spec-
trum at a frequency that is the difference between the carrier frequency 
and the frequencies of the components of the modulating signal. 
Before such a signal as this is applied to an antenna it is neces-
sary to amplify it to a point such that resulting power output of the 
transmitter is sufficient to maintain some minimum signal to noise ratio 
at the receiver. In order to increase the power level of this signal it 
is applied to a linear amplifier. The design of such linear amplifiers 
has been considered important, as is witnessed by the great deal of work 
that researchers have done in this field (h-, 5, 6). The great majority 
of this work has been directed at the problem of distortion present in 
"Linear Amplifiers" and methods of reducing this distortion. In this con-
nection the most troublesome forms of distortion are the "in-band" or 
"odd-order" intermodulation products. "in-band" or "odd-order" intermodu-
lation products are a special case of the general intermodulation product 
which we shall now examine. 
Intermodulation products are spurious signals arising from the 
interaction between the components of the original input signal. When a 
signal such as the signal given in Equation (k) is applied to some nonlin-
ear device new frequencies will be generated. If the output current of 
5 
this nonlinear device cap. be expressed in the form of a series as is given 
in Equation (5), 
i ( t ) = a o + a ,F ( t ) + a nF , ( t )
2 + aTF J t )
3 + a F , ( t ) n + . . (5) 
p o 1 ssb 2 ssb v 3 ssbv n s s V ' w / 
new frequency components w i l l appear a t t he ou tpu t . Among the va r ious 
newly generated frequency components, t h e r e w i l l be s e v e r a l of t h e form 
f ( t ) = D cos N(u) - wn ) - M(GO - ui ) 
e 1 c 2 
t , 
where M and N a r e i n t e g e r s . I f we cons ide r such components and r e s t r i c t 
our a t t e n t i o n t o va lues of N = 2 , 3, ^, 5 , • • • • e t c . , and va lues of M = N - l , 
we w i l l be cons ide r ing the components commonly r e f e r r ed t o as t h e "odd-
o rde r" or " in-band" i n t e m o d u l a t i o n p roduq t s . For va lues of N which a r e 
s u f f i c i e n t l y small t h e d i s t o r t i o n product w i l l occur nea r t h e o r i g i n a l 
s i g n a l frequency, and in the case of mu l t i p l ex o p e r a t i o n such products can 
cause t h e undesired c r o s s t a l k type of i n t e r f e r e n c e . 
I f i t i s de s i r ed to t r a n s m i t four channels of informat ion , for 
example, each of which c o n s i s t s of a s i n g l e tone s i g n a l , in the lower 
sideband of a s i n g l e sideband s i g n a l , t he t r a n s m i t t e d s i g n a l can be w r i t t e n 
as in Equation ( 6 ) . 
f, ( t ) = A cos (oj - GO, ) t + B cos (GO - GO ) t + C COS (GO - co,)t (6) 
+ D cos (GO - w/ ) t 
where GO , GO , OJL , and u. a r e t he f requenc ies -of t h e o r i g i n a l four t o n e s , 
and OJ i s the c a r r i e r frequency of t h e SSB s i g n a l . I f t h i s s i g n a l i s 
'This d e r i v a t i o n i s shown in d e t a i l in Appendix I , page k$. 
6 
passed through an amplifier or any other device which has nonlinearities} 
intemodulation products will be generated. Furthermore if the order of 
curvature of the nonlinear device is of the correct nature "odd-order" 
or "in-band" intermodulation products will also be present. The spectral 
distribution of the original signal is shown in Figure 1, and a possible 
spectral distribution of the distorted signal is shown in Figure 2. The 
inband distortion products shown in this figure give an intuitive yet 
immediate feeling for the possible effects of distortion present in a 
single sideband system. 
Though the above discussion refers primarily to transmitters and 
linear amplifiers, the same effects are present no matter where in the 
SSB system the nonlinearities occur, and in particular if the nonlineari-
ties occur in the translational portion of the communications receiver at 
the termination of the circuit, the nonlinearities will be generated and 
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A mixer i s a device t h a t t r a n s l a t e s a s i g n a l from one p a r t of t he 
rad io spectrum t o ano ther p a r t of the spectrum. In t h e case of communi-
c a t i o n s r e c e i v e r s the mixer i s used so t h a t no ma t t e r what t he frequency 
of t he received s i g n a l may be , i t i s always t r a n s l a t e d to some common f r e -
quency so as t o reduce t h e number of s t ages of t h e r e c e i v e r t h a t must be 
capable of t r a c k i n g . A v a r i e t y of vacuum-tube arrangements find p r a c t i c a l 
use as mixers . One of t h e most commonly encountered i s t h e suppres so r -g r id -
modulated arrangement . A t y p i c a l c i r c u i t diagram of such a mixer i s shown 
in Figure 3 . 
The convent iona l a n a l y s i s of t he c i r c u i t shown in Figure 3 i s made 
by assuming t h a t t h e t o t a l p l a t e cu r r en t of t he pentode i s r e l a t e d to t he 
ins tan taneous sum of t h e input s i g n a l and the l o c a l o s c i l l a t o r s i g n a l by 
some t r a n s f e r func t ion . In the convent iona l a n a l y s i s , a s i n g l e tone i n -
put s i g n a l i s u s u a l l y assumed. Thus the problem of i n t e m o d u l a t i o n product 
gene ra t ion i s ignored . However, i f we assume some reasonable t r a n s f e r 
funct ion for t h e tube in t h e c i r c u i t of F igure 3 and apply a s i m i l a r 
a n a l y s i s as was used in Chapter I , i t w i l l be found t h a t i n t e m o d u l a t i o n 
products a r e p re sen t in t he output s i g n a l . Assume the input s i g n a l t o 
t he mixer, e , i s a c lean two tone t e s t s i g n a l as in Equation (7) s 
e = A cos c-Lt + A cos co t (7) 
s 1 2 
and that the local oscillator signal is a single tone as in Equation (8). 
I 
SIGNAL 
INPUT ©• w 
5 M 
OSCILLATOR 
INPUT ( S ¥ 7 B+ 
/rZ\ S I G N A L 
T 9 ) OUTPUT 
Figure 3. Typical Suppressor-Grid-Modulated Mixer, 
11 
eT_ = B cos GO t LO c (8) 
F u r t h e r assume t h a t t h e f o l l o w i n g s e r i e s , E q u a t i o n ( 9 ) , a d e q u a t e l y r e p r e -
s e n t s t h e t u b e ' s t r a n s f e r f u n c t i o n 
2 3 4 5 
f = a^ + a n e + a e + a_e + a, e + a r e + 
r 0 l g 2 g 3 g ^ g 5 g 
(9 
+ a.Te + N g 
where 
e = e •+ e T _ . 
g s LO 
(10) 
Then t h e p l a t e c u r r e n t of t h e p e n t o d e w i l l be 
i = * 0 + a 1 ( e 8 + e L 0 ) + a ^ + e ^ )
2 + a ^ ( e g * e L 0 ) (11) 
+ ak{%+ e L 0 ) + a 5
( e s + e L 0 ) 5 + • • • • 
+ Ves + ^ O 5 + 
a 0 + a l e s + a l S L 0 + a 2 
2 2 




" 3 2 2 3 
e ^ + 3 e e + 3 e e T .
 + e
T n s s LO g LO LO 
e •+ 4e J e T n + 6e ^ e T n + 4e e
 5 + e T n s s LO s LO s LO LO 
+ a r 
5 4 "5 2 2 3 
e J .+ 5e eT_ + 10e eT r . + 10e $ _ , / + s s LO s LO s LO 
^ 5 
^VlQ + eL0 
+ a N 
e .+ (JT)e e T n 
s s LO 
/ A T s N - l N 
+ • • • • + W e s e L Q + e^ + . . . 
12 
S u b s t i t u t i n g E q u a t i o n (7 ) and E q u a t i o n (8 ) i n t o E q u a t i o n (12) g i v e s 
i = a^ + anA cos co t + a.,A cos co t + a n B cos co t (13) 
p 0 1 1 1 2 1 c ^ 
2 2 2 ° 2 
+ a A cos co t + a A cos1 - co t + 2a A cos co t cos co t 
2 1 2 2 1 2 
+ 2a A B cos cont cos co t •+ 2a A. B cos co t cos co t 
2 1 c 2 2 c 
p p ^ • ^ ^ P 
+ a^B cos co t + a A cos c o t + ~*>a A cos co t cos cont 2 c 1 2 1 
"5 2 3 5 
+ 3 a , A cos co t cos co t + a A cos co t + 
2 2 2 2 
+ 3a_A B cos co t cos 00 t + 3a-, A ' B cos co t cos co t 
2 2 2 
+ 6a_A B cos cont cos oo_t cos co t + 3a^A B cos co_.t cos co t 
3 1 2 c 3 . 1 c 
2 2 3 3 4 4 
+ 3a A B cos co t cos co t + â  B cos co t + a, A cos co t 
3 2 c ^ c 4 1 
1 4 3 4 2 2 
+ 4a. A cos co t cos co t + 6a. A cos co t cos co t 
4 5 4 4 
+ 4a, A cos c o t cos co t + a, A cos to t 
4 1 2 4 2 
3 3 3 2 
+ 4a, A B cos co., t cos co t + 12a, A B cos co.. t cos co t cos co t 4 1 c 4 1 2 c 
3 2 5 3 
+ 12a, A B cos w_t cos co t cos co t + 4a, A B cos co t cos co t 
4 1 2 c 4 2 c 
2 2 2 2 2 2 ' 2 
+ 6a, A IT cos cont cos co t + 12a, A B cos con t cos u i t cos co t 4 1 c 4 1 2 c 
2 2 2 2 5 3 
+ 6a, A B cos co t cos co t + a, A B cos co., t cos co t 4 2 c 4 1 c 
1 5 5 4 4 5 5 
+ 4a, AB cos co^t cos co t + a, B cos co t •+ a , J r cos co_,t 
4 2 c 4 c 5 1 
5 4 5 5 2 
+ 5a Ax cos co t cos co t + 10a ky cos co t cos co t 
5 ° 5 5 4 
+ lOa^A c o s ^ w , t cos coAt + 5a_A cos co^t c o s co t 
5 1 2 5 - 1 - 2 
13 
5 5 5 4 5 "5 2 
+ a A: cosyco t + 5a kr cos to t cos 10 t + 10a A cos w t cos to t 
5 2 3 5 4 
+ 10a A cos co t cos to t + 5a A cos to t cos co t 
5 2 3 5 4 
+ lOat-A cos w-jt cos co t + ^a^A^ cos co t cos 10 t 
5 4 4 
+ a A cos co t + 53-,-A B cos to t cos to t 5 5 1 
4 3 
.+ 2 0 a_A B cos co. t cos GJ_t cos co t 
5 1 2 c 
4 2 
+ 35 a A B cos co t cos co t cos co t 
4 3 4 4 
+ 20 a r A B cos to., t cos WLt cos co t + 5a, A B cos co t cos co t 5 1 2 c ^ 5 2 c 
3 2 3 2 3 2 2 2 
+ 10a A B cos to t cos co t + }0a A B cos to t cos to t cos> co t 
p -L C p -L d. C 
3 2 2 2 
+ 3 0 a._A B cos^co t cos co t cos to t 
+ l O a ^ T B 2 cos^co t cos2co t + 10a r_A
2B-5cos2 to, t cos"5 to t 
5 2 c 5 1 c 
2 3 3 2 3 2 3 
+ 20 a^A B cos co_,t cos u t cos co t + 1 0 a A B cos co t co s co t 
5 1 2 c 5 2 c 
4 4 4 4 
+ 5ar.AB cos c o t cos w t + 5a,. AB cos co t cos to t y 5 1 c x 5 2 c . 
+ B^ c o s ^ co t + c o n t r i b u t i o n s from h i g h e r o r d e r t e r m s . 
Expanding E q u a t i o n (13) and c o n s i d e r i n g o n l y t h e components h a v i n g a f r e ' 
q u e n c y on o r n e a r t h e d i f f e r e n c e f r e q u e n c y a r i s i n g from f i f t h and l o w e r 
o r d e r c u r v a t u r e we h a v e , 
i = K, cos (to - u), ) t + K^ cos (to - w ) t 
p „ 1 ^ c 1 2 c 2 
(14) 
IF 
+ S cos coc - (2u>2 - w 1 ) t + K, cos coc - (2co1-co2)t 
14 
W l + W2 
w h e r e t h e d i f f e r e n c e f r e q u e n c y i s OJ__ = GO - , and 
i * IF c 2 
3 3 3 ^V^ B 
Kl = K2 = a 2 A B + 7V B + 2 % A B ' V ^ = 2 
When the analysis is carried out for a sufficient number of terms, as is 
done above, the intemodulation products appear/, and as can be seen from 
Equation (Ik-) they will be significant if the coefficients are large. 
iIn presently used practical mixers, these coefficients are such 
that most SSB systems have an IM product level only 30 db below the level 
1 k of the desired signal. In some specific cases ' mixers using conventional 
techniques have been designed having low distortion. In these cases, how-
ever, the conversion amplification of the mixer, the ratio of the output 
signal amplitude at the intermediate signal frequency to the input signal 
amplitude at the input signal frequency, is sacrificed in order to obtain 
the low levels of distortion. The figure of conversion amplification in 
such mixers is usually less than unity; this is an undesirable feature in 
most cases. 
On the other extreme mixers having good conversion amplification 
figures can be designed, but these mixers are characterized by distortion 
products which are only about 20 - 30 db below the level of the desired 
signal. It is possible to design a mixer, using a recently developed beam 
deflection tube, which overcomes both the disadvantages of low gain and 
high distortion generation. The mathematical analysis of such a mixer is 




A LOW DISTORTION MIXER USING A BEAM DEFLECTION TUBE 
The transfer function of a pentode vacuum tube can be approximated 
in the form of a series as in Equation (.̂5)« 
in = a_ + a,e + a e + a e + .*„». a^e' + (15) 
where i = instantaneous p la te current 
e = instantaneous grid voltage, and 
th a. = the coefficient of the i order curvature of the tube ' s 
l 
t ransfer function. 
I t is assumed that var ia t ions of the pla te voltage of a pentode have neg l i -
gible effect on the p la te current . In a great many appl ica t ions , such as 
l inear amplif iers , i t is desirable to have as l i t t l e second and higher 
order curvature as possible in order to minimize d i s to r t ion of the s igna l . 
In other appl ica t ions , such as mixers, cer ta in types of nonl inear i t ies 
are necessary in order that fundamental mixing takes place, but excessive 
nonl inear i t ies lead to the d i s to r t ion of the signal being t rans la ted . In 
the case of the mixer i t is desirable that nonl inear i t i es which d i s t o r t 
the signal be minimized while nonl inear i t ies that contribute to the mixing 
process be maintained. In a conventional mixer the input signal can be 
considered to be made up of the signal to be t rans la ted plus the local 
o sc i l l a to r signal and the resul t ing output can be calculated i f the coef-
f ic ients of the ser ies representation of the mixer tube ' s t ransfer function 
16 
are known. In order that the output signal not be appreciably distorted, 
several conditions must be met in the conventional mixer. Among them the 
most significant apparently are: 
1. The tube bias must be properly set and maintained within 
close tolerances. 
2. The input signal must usually be small in amplitude. 
3. The amplitude of the oscillator injection voltage must 
be a specific value, depending on the tube and the bias 
voltage, and must be maintained within close tolerances. 
If these conditions are satisfied the resulting distortion of the 
signal can be quite small, depending on the choice of tubes. However, it 
should be pointed out that the proper conditions for low .distortion opera-
tion vary a great deal from tube to tube of the same type and same manu-
facturer. It should also be pointed out that as aging of the oscillator 
tube occurs the injection voltage to the mixer usually decreases causing 
the signal transfer function to become, more nonlinear. This increase in 
distortion is also accompanied by a marked decrease in the conversion 
amplification due to the decrease in the conversion transconductance. The 
conversion amplification is defined as the ratio of the amplitude of the 
output signal, at the difference frequency, to the amplitude of the input 
signal at the input signal frequency. 
A beam-deflection tube is a multielement tube and its construction 
is shown schematically in Figure k-. The electron gun, consisting of the 
filament, the cathode, the control grid, and the screen grid or accelerator, 
establishes an electron beam and accelerates the electrons of the beam 













Figure k. S impl i f ied I n t e r n a l Cons t ruc t ion of RCA 7360 
Beam-Deflection Tube. 
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s l i t in the accelerator, the electrons are subjected to a deflecting field 
that is present when there is a potential difference between the two deflec-
tion electrodes. As a result of this field the beam is deflected from its 
original path. As a result of this deflection more electrons reach one anode 
than the other. In a beam-deflection tube, similar to the case of the pent-
ode, the total beam current can be closely approximated by a series as is 
given in Equation (16), and the current to one plate can be represented by 
another series that has the total beam current as a factor as is shown in 
Equation (17). 
^ = a0 + al6LO + VLO + VLO3 + ' • " aNeLON+ • • • • ( 1 6 ) 
X L = X0 
2 N 
b^ + b.. e + b e + . . , . b.Te + . . . 0 I s 2 s N s 
(17: 
where i is the total beam current, e_ is the local oscillator voltage 
applied to the control grid, iT is the current in the left hand plate, a. 
-L ' i 
and b. are the i coefficients associated with the control grid and the 
1 
deflection electrodes, respectively, and e is the signal to be translated 
s 
which is applied to the deflection electrodes. The current flowing in the 
right -hand plate circuit, iR, will be the total beam current minus the cur-
rent flowing in the left hand plate circuit. This may be written as 
i R = i 0 - i L . (18) 
If the plate circuit is arranged in a push-pull manner, the output voltage 
will be proportional to the current flowing in the. primary and this current 
will be the difference of the currents flowing in the two plates. This dif-
ference current, i - , may be written as follows: 
19 
LD *R " V ( i 0 " i L ) " i L = :"o " 2 i L (19) 
Substituting Equation (17) into Equation (19) yields: 
V " 10 " 2 1 0 
2 N 
b + bn e +b e + . . , . h e + . . . 
0 1 s 2 s N s 
(20) 
Equation (20) may be rewritten as 
*D" X0 
2 N 
1 - 2b. - 2b. e - 2b e . . . . . -2b_Te + 0 I s 2 s N s 
(21) 
Letting 
1 " 2bo - Bo ' 
- 2b]_ = Bx , 
- 2b2 = B2 , 
(22) 
Equation (21) becomes 
iD= ^ 
2 3 N 
B + Bn e + B ê + B, e + . . . B.Te + . . . . 0 I s 2 s 3 s N s (23) 
Substituting Equation (16) into Equation (23), we have 
^ a 0 + a l e L 0 + V L O + • " 
B^ + B, e + B e + . . 
0 I s 2 s 
(2k) 
For small signal input, the higher order coefficients of Equation (23) may 
be neglected. Thus Equation (24) may be reduced to the following form: 
-1 r 
1D = a0 + VlO + a2eL0 + • ' B0 + B1S2 
(25) 
" S 0 B 0 + a i B 0 e L 0 + a2B0eL02 + a 0 B l 6 s + a l B i e S
e L0 + a 2 B l V l O — ( 2 6 ) 
20 
Collecting and redefinine coefficients, Equation (26) may be written as 
follows: 
p p T\I 
hi m °0 + CieL0 + C2eL0 + D0 e S
 + D l V L 0
 + D
2 V L 0
 + • " CNeL0 W 
N 
+ D e e 
T s L O 
where CQ = aQB0 (28) 
c i • a i B o 
°2 " a2B0 
D i " aoB i 
D2 " a i B l 
e t c . 
Now consider the expansion of equation 27 in which 
eL0 = A C 0 S ^ll ^ 2 9 ^ 
and 
e = B cos to t + B cos oj,t , (30) 
s 2 3 
and assume that the output is coupled through a resonant transformer which 
±s tuned to a frequency that is the difference between the mean input signal 
frequency, ~z , and the local osci l la tor signal frequency. It can be 
shown that the resulting equation i s , 
•'•This derivation is shown in Appendix I , page 50. 
p 
It has been found that a two tone signal of the type shown in Equa-
tion (30) adequately simulates single sideband operation. (See Bruene: Dis-
tor t ion Reducing Means for Single-Sideband Transmitters, Proceedings of the 
IRE, December 1956, page I76O.) 
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1 D = AD2B/2 + 5A
5D^_B/8 + 10A5D B/32 + . . 
ADB/2 + 3A3D^_B/8 + 10A5D B/32 + 
cos (w - u 1 ) t (31) 
cos (w - co ) t 
and the output vo l t age i s given by 
V0 • K iD (32) 
Intermodulation products of the third order, would appear in a form such as 
follows-: 
iTM = cos IM 
i_., = cos IM 
(2wg - ̂ ) - w1 




It can be seen from Equation (31) that there is no third order intermodula-
tion distortion generated in the mixer if the foregoing assumptions are 
correct. Similarly, no higher order distortion products are generated. 
Because there are no intermodulation products present, the magnitude of the 
oscillator injection voltage, A, does not effect the amount of distortion 
present. This is not the case in the conventional mixer where changes in 
the oscillator injection voltage appreciably effect the distortion, generated. 
Now in fact, there are higher order terms than have been indicated for the 
transfer function of the input signal, but the resulting intermodulation pro-
ducts generated are small. Th'yis, it is possible, by use of a high quality 
beam-deflection tube, to construct a mixer having good intermodulation 
rejection characteristics and which has no appreciable increasing inter-
modulation products generated when the oscillator injection voltage decreases. 
The experimental investigation necessary to validate this analysis is pre-
sented in Chapter V, and conclusions relating the theory to practice is pre-
sented in Chapter VI. 
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CHAPTER V 
THE EXPERIMENTAL ARRANGEMENT AND DESCRIPTION 
OF CONDUCTED TESTS 
A mixer such as has been desci'ibed in Chapter IV. was designed and 
constructed. The circuit was arranged so that the important mixer param-
eters, i.e., control grid bias, plate supply voltage, plate load impedance, 
and deflection electrode potential could be varied. In addition to these 
variables the levels of both the input signal and the local oscillator sig-
nal could be varied. The detailed circuit diagram of the mixer is shown 
in Figure 5 and a photograph of the mixer is shown in Figure 6. The remain-
ing portion of the equipment required for the experimental investigation 
is shown in the block diagram of Figure 7 and in the photographs of Figure 8. 
In order to obtain a clean two-tone test signal two separate gener-
ators were used. The signal from each generator was low pass filtered so as 
to reduce the level of the generator harmonics. The filters were designed 
and constructed so as to have a maximum attenuation at the second harmonic 
of the generator frequency. After filtering, both signals were injected into 
a hybrid ring and the output of the hybrid ring was used as the two tone test 
signal. The purpose of the hybrid ring is to minimize the coupling of one 
generator signal into the output stage of the other generator. Such steps 
were found to be necessary in order to obtain a test signal which was itself 
effectively free from intermodulation products. Two photographs of the dis-
play of the spectrum analyzer showing the cleanliness of the two tone test 
signal are shown in Figure 9* The third order intermodulation product content 
23 
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Figure 5. Detailed Circuit Diagram of Investigated Mixer. 
2h 




*~ LOW PASS 
FILTER 


















W-- —̂  
^ r 




Figure 8. View of Equipment Used in the Experimental Set-Up. 
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of the signal shown in these photographs is slightly more than 60 db below 
the level of the two tones, and the fifth order product's are not detectable. 
This signal, with variations of its amplitude only, is the two tone test sig-
nal hereafter referred to and used throughout the experimental investigation. 
The initial investigation of the beam-deflection tube began wittr a 
study of the deflection electrode to plate transfer characteristics. The 
experimental arrangement was essentially that of investigating the deflec-
tion electrode to plate transfer characteristic, but in particular was 
arranged so as to observe the difference in the plate currents flowing in 
the two individual anodes as a function of the absolute potential differ-
ence between the deflection electrodes. To accomplish this, the approxi-
mate operating potentials were placed on the screen grid and on the two 
anodes. The control grid was driven with a small ac signal and its dc 
potential was adjusted to such a value that the total beam current was 
approximately that recommended by the manufacturer. The left hand deflec-
tion electrode was ac grounded and the right hand electrode was driven by 
a small amplitude two tone test signal. The dc value of each deflection 
electrode was made adjustable with respect to ground and was arranged so 
that the dc difference in the deflection electrodes could be varied. With 
the small amplitude two tone test signal applied to the right hand deflec-
tion electrode, the average dc level of both of the deflection electrodes 
was varied using control R, and the resulting effects of the third and 
fifth order intemodulation products were observed and tabulated. Upon 
completion of the run, R-, was adjusted so as to minimize the third and 
fifth order intermodulation products, and the difference between the dc 
'Appendix II, page 56. 
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levels of the two electrodes vas varied using control Rp and the resulting 
effects- were noted. Both "variables were then adjusted for minimum third 
and fifth order intermodulation product generation and a final value of 
third and fifth order intermodulation product rejection, with respect to 
the level of the desired two tones, was recorded. This procedure was 
2 
repeated for each of the two tubes used and in each case the individual 
tube was allowed to warm up for a period of five minutes. 
Following this, tube No. 1 was selected and it was placed in the 
circuit, adjusted for minimum distortion and the levels of the distortion 
products were observed every fifteen minutes for a period of two and one 
quarter hours. From this point on only tube No. 1 was investigated. The 
results of the various parts of this test are shown graphically in Figures 
10, 11, and 12. It can be seen from the rejection levels obtained in Figure 
11, that the distortion products generated are quite low for the small sig-
nal condition imposed. 
The next step in the process was to determine the relation between 
the level of the generated intermodulation products and the level of the 
driving two tone test signal. For this test the tube was placed in the 
same circuit and both the dc level and the dc difference in the deflection 
electrode voltages were adjusted so as to minimize the third and fifth 
order intermodulation products. After this condition had been met for the 
Appendix II, page 57* 
2 
The initial investigation considered three tubes, but one tube was 
damaged and discarded. Accordingly, the data presented and conclusions 
drawn are based on only two tubes. 
Appendix II, page 57. 
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small amplitude signal the dc levels of the deflection electrodes were 
not changed. The amplitude of the two tone test signal was then varied and 
the resulting effects were noted and data tabulated. The data relating 
the third order IM distortion level and the two tone drive level are shown 
in Figure 13. After this was completed the driving signal amplitude was 
adjusted to a value that was not the optimum for the particular settings 
of the dc levels. The dc levels, both absolute and difference, of the 
deflection electrodes were then readjusted so as to minimize the generated 
distortion products and the results were noted. In connection with the 
latter part of this test, it was noted that within certain bounds of drive 
signal level, the level and difference in the dc voltage of the deflection 
electrodes could be adjusted so as to effect an intermodularion distor-
tion product minimum. This suggests the possibility of a servo control 
that would keep the distortion products generated at a minimum. Such a 
control system was not implemented in the process of this work due to both 
time and objective limitations. 
Upon the completion of these preliminary tests the effects of oscil-
lator level were observed. A single tone signal was injected on the con-
trol grid of the tube and the two tone test signal was used to drive the 
deflection electrodes. The resulting output of the mixer was observed 
on the spectrum analyzer at the difference frequency. Both the levels of 
the local oscillator and the drive signal were set at an arbitrary value 
within the normal operating range, and the dc levels of the deflection 
electrodes as well as their difference voltage were adjusted so as to 
"Appendix II, page 58. 
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minimize the generated distortion products. These dc voltages then 
remained fixed and the level of the local oscillator signal was varied. 
The resulting effects on the conversion amplification and the level of 
the third and fifth order intermodulation products were observed and 
recorded. The results of this test are shown graphically in Figure lka 
It is interesting to note that the effect of the level of the local oscil-
lator signal on the level of the generated intermodulation products is 
negligible,as long as the level is greater than three volts, as predicted 
by the mathematical model given in Chapter IV. 
Upon completion of the preceding tests and with the previously 
varied parameters adjusted for maximum third and fifth order intermodula-
tion distortion rejection data was taken establishing the relation between 
p 
distortion generation and, control grid bias. ' The signal levels applied 
to the control grid to the deflection electrode were not varied, and only 
the bias applied to the control grid was varied. This test data is shown 
graphically in Figure 15. It will be noted that the only region of grid 
bias which results in an increase in intermodulation product generation 
is the region near cutoff bias. In this region the gain of the tube 
becomes very small and operation in this region would not normally be 
considered. 
The effect on intermodulation product generation due to varying 
the plate supply voltage was considered next. For this test the previously 
fixed plate supply was replaced by a variable supply and data relating 
plate voltage to intermodulation product rejection were recorded. This 
Appendix II, page 58. 
p 
Appendix II, page 59. 
5Appendix II, page 59. 
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data is shown graphically in Figure 16. I t is suff icient to point out 
here tha t substant ia l var ia t ions in the p la te supply voltage do not 
d ra s t i ca l ly effect the re la t ive level of the intermodulation products 
and the desired s ignal . Also plotted in the graph of Figure 16 is the 
re la t ive output level of the desired signal as a function of p la te 
voltage. In th i s connection i t w i l l be noted that the maximum gain 
occurs with any pla te supply voltage between 100 and 300 v o l t s , and 
throughout th i s range the intermodulation products are down 60 db or 
more. 
The f inal t e s t performed was designed to determine the optimum 
p la t e - to -p la t e impedance for low d i s to r t ion operation. This was accom-
plished by varying the tap posi t ion of the output c i r c u i t . The output 
c i r cu i t presents a load of 50 ohms, and by varying the posi t ion of the 
tap the impedance reflected to the p la te c i r cu i t was varied. Relative 
intermodulation product level and re la t ive output level of the desired 
signal were recorded and plotted in Figure 17 as a function of the tap 
posi t ion. The effects of varying the p la te-^o-pla te impedance on the 
intermodulation products were found to be negl ib ie le except under condi-
t ions of very low pla te impedance, but the output signal level was found 
to be quite dependent on th i s parameter as would be expected. 
A tabular presentation of the data collected for a l l t e s t s pre-
sented above is given in Appendix I I , and a summary of the t e s t r e s u l t s , 
recommendations, and conclusions regarding the usefulness and operation 
of the. investigated mixer, are. presented in Chapter VT of th i s t h e s i s . 
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CHAPTER VI 
RESULTS OF EXPERIMENTATION, 
CONCLUSIONS AND RECOMMENDATIONS 
The results of the experimentation indicate primarily that low 
distortion miners can be designed utilizing a recently developed beam 
deflection tube. Specifically these results indicate that with proper 
design the third order intemodulation product generation can be main-
tained approximately 60 db below the level of the desired signal. The 
level to which the fifth order intermodulation products can be maintained 
below the desired signal level is somewhat questionable, but the results 
of the experimentation clearly indicate that they can in all cases be 
maintained below the level of the third order intermodulation products. 
From a direct examination of the test results it is possible to 
draw the following conclusions pertaining to the specific values that 
should be used in the design of such a mixer which utilizes an RCA 7360 
beam deflection tube as the active circuit element. The anode supply vol-
tage should be approximately 100 vo£ts, the screen supply voltage should 
be approximately l̂ O volts, the control grid bias voltage should be approx-
imately -2 volts, the r-f drive voltage on the deflection electrode should 
be approximately 1 volt rms, and the oscillator injection voltage should 
be greater than 5 volts rms. The plate to plate impedance that should be 
presented to the tube should be approximately 4.500 ohms. In addition 
This impedance va,lue has been calculated from the circuit element 
values when the 50 ohm load was tapped in position two. This calculation 
is shown in Appendix I, page 55. 
k-2 
to the above operating parameters which should be observed, the deflec-
tion electrode potentials should be adjusted so that 
F 
= ^ * 0.8 or 1.5 
EdR 
The d e s i r a b i l i t y of t h i s operating condition can be seen by examination 
of the curve of Figure 11. I t is important to note that in addition to 
the low level of inte modulation product generation that can be achieved, 
ne i ther the th i rd order intemodulat ion product level nor the output 
signal level are effected appreciably by d ras t i c var ia t ions of osc i l l a to r 
inject ion voltage as is t rue in the presently used conventional mixers. 
In addit ion to the advantage of low levels of generated intemodulat ion 
products that th i s mixer is capable of, the conversion amplification was 
found to be 9 cTb. Thus while providing low d i s to r t ion as do some other 
low gain mixers, th i s par t i cu la r configuration offers an output signal 
amplitude advantage of 9 CLTD. 
Further invest igat ion of low d i s to r t ion mixers using th i s and other 
techniques is recommended, as well as the invest igat ion of an electronic 
servo control system such as mentioned in Chapter V. Only through the 
efforts of the system design engineer to improve a l l parts of the SSB 
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Derivation showing generation of "odd-order" or "in band" inter-
modulation products from Chapter II, page 5 • For convenience, Equation 
(5) is rewritten here as Equation (~$k) 
3 
i p ( t ) = a 0 + a l F s s b ^ + a 2
F s s b ^ + VW1 0 + W 
Vssb(t) + + a F ^ ( t )
n + 
n s s b 
where F ( t ) i s a s i n g l e s i d e b a n d i n p u t s i g n a l . I t has been found t h a t 
a two t o n e s i g n a l a d e q u a t e l y s i m u l a t e s s i n g l e s i d e b a n d o p e r a t i o n , and such 
a s i g n a l i s g i v e n be low: 
F ' ( t ) = A cos co_t + A cos OJ t = i n p u t s i g n a l 
s s b 1 2 (35) 
Then 
2 2 2 2 2 2 
F , ( t ) = A cos co_t + 2A cos w_ t cos GO t + A cos co t (36) 
s s b x 1 1 2 2 
= A2 ( j + ^ cos 2oJ]_t) + A
2 (jjj- + i cos 2 ^ 2 t ) 
+ 2A - cos (w 1 - u ^ ) t •+ - cos ( c ^ + 0J2)t 
2 2 ? 
= A + A cos (ojn - 10 ) t + A cos (OJ + w ) t 
\ 2. 2 1 2 
2 2 
A A 
+ — cos 2oo t + —- cos 2OJ t 
46 
F i _ ( " t ) = A COS CO t + A COS W - t COS (w. - CO ' ) t 
s s b v Y 1 1 x 1 2 
(37) 
3 A-> 
+ A cos co t (co + co ) t +'•—• c o s co t cos 2co t 
A3 3 
•+ ~ cos co t cos 2co t + A cos co t 
+ A cos co t cos (-co - co ) t + A c o s co t cos (co-.-i-co ) t 
A5 A5 
•+ ~ cos co< t cos 2co t + ~~ cos co t cos 2co• t 
A cos co t + &£ - cos (w ) t + - cos (2w 1 - co ) t 
+ 4̂  - cos (-co ) t * - cos (2co .+ co ) t 1 2 
— cos (-co, ) t •+ — cos (3con.)t 
2 1 2 1 2 
- cos (cox 
- 2co2) t + - cos ( u ) 1 + 2co2)t + A. cos co t 
+ A' - cos (2co - co ) t > - cos (co ) t + A ~ cos (co ) t 
d d. X. d -L c -L 
+ - cos (u^.4- 2co2)t 
+ — cos (GO + 2 w 1 ) t 
+ - cos (3<*> ) t 
^ 2 
2 
- cos (co - 2co1)t 
- cos ( - w 2 ) t 
S u b s t i t u t i n g E q u a t i o n s ( 3 5 ) * ( 3 6 ) , and (37 ) i n t o E q u a t i o n (34) we f i n d 
t h e o u t p u t c u r r e n t t o be 
^ 
i ( t ) = a^ + an A cos co., t + A cos co t p 0 1 1 2 + a, A (38) 
2 2 A 
+ A cos (GO - GO ) t + A cos (co + co ) t + -— cos 2co t 
+ -r- cos 2OJ t + "3 
+ - j cos ( 2 ^ - w 2 ) t 
3 AJ 
A cos co t + - r - cos co t 
- ~ cos w t 
A A A 
+ -*- cos (2co + coi ) t •+ - r - cos co t + -r- cos 3co t 
A A "5 
+ - r - cos (2OJ - co ) t + "r- cos (2GO + co ) t + A cos co t 
A A 
+ — cos (2w - w 1 ) t + ~ cos c^ t 
A5 x A
5 
+ "T~ COS (2CLL + CO ) t + - j — COS (2C0 - W ) t 
A A A 
+ -r- cos (2OJ + co ) t + -r- cos co t + -r- cos 3co_t 
+ c o n t r i b u t i o n s from f i f t h and h igher o rde r c u r v a t u r e . 
I f we now cons ide r the cu r r en t components of Equation (38) which f a l l on 
o r near t h e o r i g i n a l s i g n a l frequency we w i l l be cons ider ing the components 
which a r e in t h e frequency band of i n t e r e s t , thus t h e name "in band" d i s -
t o r t i o n p roduc t s . In order t o d i s t i n g u i s h which components a r e nea r t he 
o r i g i n a l s i g n a l frequency we must have some no t ion as t o the r e l a t i v e o rder 
of magnitude of co and co . The average frequency of t he input s i g n a l i s 
V^ 




; where co > co . The r e s u l t i n g inband c u r r e n t components, i ( t ) , 
IB 
a r e given below. 
he 
S>™(t) 
= a n A cos oo., t + a , A cos OJ t + a A cos oo t 
1 1 1 2 3 1 (39) 
a . A5 a A5 
2 ~2t + 2 
" COS (2^0 "00 ) t + — ^ COS 00„t 
A' 
2 
a A5 a A3 
+ i;— cos oo t + - 4 — cos (2oo -CAL ) t + a A cos oo t 
4 1 4 2 1 3 2 
a_A 3 a T 
,3 ,3 
.AT a A' 
' cos (2u) -oo ) t + —^— cos oo t + —^— cos oo t 
a A3 a A3 
+ - ^ j — cos ( 2 w 1 - u ) 2 ) t + - J — cos oo2t 
+ c o n t r i b u t i o n s from h i g h e r o r d e r t e r m s . 
C o l l e c t i n g components o f t h e same f r e q u e n c y we h a v e , 
i ( t ) = K cos oo t + K cos oo t 
P I B 1 1 2 2 
( 40 ) 
K_ cos (2oo - oo ) t + K. cos (2oo ~oo ) t 
where 
h = K2 " 
4a A + 9a A^ 
4 (41) 
and 
•S = \ = 
3a A-
(te) 
From E q u a t i o n (40) i t can b e s e e n t h a t t h e o n l y f r e q u e n c y c o m p o n e n t s , o t h e r 
t h a n t h e two o r i g i n a l f r e q u e n c i e s , a r e o f t h e form cos 
and cos LPco2 - (P - l)oox 
Poo - ( P - l H t '"2 
t. The number P + (P - 1) is always odd and 
thus accounts for the name "odd order" intermodulation product. It will 
h9 
also be noticed that P > 2 and will always be an integer, for if P were 
equal to one the component would merely be one of the original two tones. 
Expansion of Equation 27, page 20,, 
Rewrit ing Equation (27) we have, 
50 
*d = C0 + C l e L0 + C2 eL0 2 + VL03 + VLO* + Cfl>0 + 
2 3 
+ D_e + D„eTr.e + D_eT„ e + V)eT/e + . . . . I S 2 L0>s 5 L0 s 4 L0 s 
( 42 ) 
^ m C0 + D l 6 s + e L0^ C l + D 2 e s } + GL0 <C2
 + D 3 6 s ) 
+ S L 0 5 ( C 3 + V s ) + e L 0 4 ( C 4 + D 5
e s ) + • ^ 
(43 
+ eT ' + ( c r + D.e ) + . . . . 
;L0 v V-5 6 s 
S u b s t i t u t i n g equat ions (29) and (30) i n t o Equation (43) we have, 
i , = c •+ D. 
d 0 1 
cos toit + B cos oo,t 
" j " 
+ D (B cos oo t •+ B cos oot ) 
+ D (B cos oo t .+ B cos oo t ) 
+ D. (B cos oo t + B cos oa t ) 
+ D (B cos oo t + B cos oot) 
+ A cos oo t 
2 2 
+ A cos oo t 
+ A cos^ oo t 
4 4 
+ A cos oo t 




2 .2 2 , A 
e L ( ) = A cos W l t = — cos 2w t + 1 (45) 
'LO 
A cos co t 
2 cos 2co t cos co t + cos co t (46) 
hL 
2 
— ( c o s 2co t + cos co t ) + cos co t 
hL 
4 
cos "5w t + 3 cos co t 
4 4 4 




cos 3w t + 5 cos co t cos co t (47) 
A 
A 
— (cos 4OJ t + cos 2co t + 5 cos 2co t + 3 ) 
cos 4co t + 4 cos 2(A) t + 3 
4 
5 A5 5 , A eT_r = A cos uLt = -5-
L(J 1 o 
cos 4co t + 4 cos 2co t + 5 A cos co t ( 48 ) 
— (cos 3<A) t + cos 500 t ) + 2 ( c o s u) t 
+ cos 3 w - , t ) + 3 cos co t 
16 
cos 3(A)-, t + cos 5(j0-i't + 4 cos co t 
+ 4 COS 3(A)-, t + 6 COS CO t 
A l 
16 
cos 5w-i"t + 5 ° o s 3(A)-|t •+ 10 cos co t 
R e w r i t i n g E q u a t i o n (44 ) and s u b s t i t u t i n g i n E q u a t i o n s ( 4 5 ) , ( 4 6 ) , ( 4 7 ) , 
and (48 ) we have 
52 
i = C + D (B cos co t + B cos w t ) + A cos oo t c i + (49) 
D (B cos oo t + B cos uLt) A 
2 r 
cos 2co t + 1 °2 
+ D ( B c o s ooit + B cos oo t) A' cos 3oo t + 3 cos co t 
C + D, (B cos oo t + B cos ccit) 
M r 
cos ifoo t 
+ k cos 2w,t + 3 C, + D (B cos oo t + B cos co t) 
16 cos 5co t + 5 cos 3co t + 10 cos co t 
C + D.(B cos oo t + B cos GiLt) + . . . 
Col l ec t i ng terms and expanding we have, 
i.. = C_ + cos co t d O 1 
3A3C 5A5C_ 
c iA +-T^ + a + (50) 
+ cos 2co t -r + ~t + •••• 
+ cos 3^-,t 
+ COS ^CO t 
-A^C, 5A5C 
+ —r-p- + . . . . 
k 
^ C , 
16 
+ 
+ cos co t 
A2D B 3A D B 
B D1 + 2 + 8 " + 
2 k 
A 1 B 3A D B 
3 ULt I BD1 + ^ + g 3 + 
+ cos (wi -co ) t 
"AD B 3A5D, B 10A5D.B 
—*- o + 8 + 32 
4- COS (UL-CO ) t 
fAD B 3A^D, B 10A5D.B 
_ 2 _ + fL_ + Q_ + 
2 8 32 
+ cos (co +co ) t 
r ADB 3A3D,'B 10A5D.B 
— 2 _ 4. i t - + h- + 
2 8 32 
+ COS (UL+CO ) t 
AD B 3A^IYB 10A5D.B 
— 2 - + = - + ^ - + 
2 8 32 
2 4 
" A^D,B A D B + cos (2co -co ) t 
+ cos (2to -co ) t 
+ cos (2co + coi ) t 
+ cos (2co+co ) t 
+ cos (3co1-co2)t 
+ COS (3U) -UL ) t 
+ cos (3w +co• ) t 
+ cos (3co+oj ) t 
+ cos (4co -w ) t 
2 k 
•A D,B Al ) B 21 + _ 5 _ + 
2 ^ 
A D B A. D B 
k + k •" 
P k 
-A^flTB A D B 
2 — J . 2 — i 
4 * 4 + ' • ' 
^ D , B 5A5D.B 
i l _ . SL- + 
8 + 32 + • " ' 
rA^D, B 5A5D.B 
- ^ - + - £ - + . . . 
8 32 
-A^D, B 5A5D.B 
8 + 32 + • • ' 
-A^D, B 5A5D.B 
ih_ . 2_ + 
8 + 32 • • ' 
k 
~ A D B 
16 ' + . . . 
5h 
+ cos {kh -OL ) t 
+ cos (4co +OJ ) t 
+ cos (4co +ui ) t 
+ cos (500 - c o ) t 
4- COS (5U) - O L ) t 
+ COS (^W +C0 ) t 
4- COS ( 5 U ) + ( * L ) t 
if 
r A D J 
5- + 
• » o # 16 
k 




r A T ) B 
, ?, 
16 
+ . . . 
r A \ B 
—£_ + 
32 ' • • 
r A ^ B 
32 
32 
" A V 
& + . . . 
32 
+ . . . 
+ . . . 
2 4 
+ T- + — 
When the output i s ac coupled and tuned t o the d i f f e r e n c e frequency we 
have 
i I F = K J cos (u)2"W1)t 
rAD B 3A-5D, B 10A5D.B 
P , a , 6_ 
+ 8 32 + . . . (51) 
+ COS (UL ~ 00 ) t 
- AD B 3A5D,,B 10A5D.B 
— 2 - + 5 ^ + =_ + . . . 
2 8 32 
where K = const 
The next ad jacen t output frequency components_, 2co -co and 2co -oo 
f a l l f a r enough away from the d e s i r e d output so t h a t t hey can he f i l t e r e d 
out without d i f f i c u l t y i f 10 i s chosen c o r r e c t l y . 
Derivation of desired plate impedance. 
From Figure 17 it can be seen that the optimum tap position 
p 
— of the secondary winding when 50 & is the load. The transformer 
turns, ratio was measured and found to be 1:1.28. Accordingly, the 
impedance reflected to the tube is Z^ where 
,11 iT) (50) (1.28) ^500 ohms. 
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APPENDIX II 
TABULATED TEST DATA 
Test No. 1, page 28. 
EL, = 175 volts, E = 150 volts, E n =5 -3 volts. A small signal was bb x' ' g2 gl 
applied to the deflection electrode and the following data were col-
lected. 
Tube No . 1 Tube No. 2 
E dL d r 
3rd Order 5th Order 3rd Order 5 t h Order 
o l t s Volts in db i n db in db in db 
115 100 -45 - -47 -
95 80 "45 - -45 -
66 60 -45 - -45 -
45 40 -45 - -50 -
33 3 0 -40 - -42 -
27 25 -45 - -45 -
23 20 -43 - -40 -
17 15 -45 - -42 -
12 10 -45 - -40 -
0 0 -42 - - -
Notes: Drive level was 1.4 volts rms on the deflection electrode with 
a 60:1 step up ratio in the resonate transformer. In this and 
the following data tables the dashes associated with the fifth 
order intermodulation products indicate that the fifth order 
IM products were not detectable. 
57 
Test No. 2, page 29 
K = 175 volts, E == 150 volts, E = -3 volts. The average value of 
E + E d r dL 
EJT and E_ -y '— . was ad jus ted t o minimize t h e 3rd and Sth Order 
dL dr 2 
IM products and the relative values of E„ and E„T were varied. 
dr dL 
3rd Order 5 th Order 3rd Order 5"th Order 
in db in db in dh 
'dlAlr EdL dr 0 
Volts Volts in < 
1.08 27 25 -k5 
1.1 33 30 -ko 
1.185 32 27 -45 
1.61 37 23 -50 
1*77.' 39 22 -^5 
O.58 5.5 9-5 - • 
1.06 37 35 -
1.08 27 25 -
1.1 53 30 -
1A5 ^5 31 -







Test No. 3 , page 29' 
E, ̂  = 17S volts, E n = 150 volts, E n = -3 volts, e .. = 3 volts rms, 
bb I y ' g2 g l ' sd ' 
E„ = J+0.0 v o l t s , E JT ,= 36.O v o l t s , e ^n = 10 v o l t s rms 
d r ' dL ' s h l 























Test No. k, page 33. 
K, = I75 volts, E = 150 volts, E = -3 volts, E =9.0 volts, 
EJT = 24.5 volts. dL 
Adjust the average of E„ and EJT and the values of En and E T to 0 dr dL dr dL 
minimize the third and fifth order IM products. The level of the two 
tone drive signal was varied and the following data collected. 
Tube No. 1 
e s d 
3rd Order 5 t h Order 
o l t s in db in db 
0.12 "55 -
0.25 "56 -
0 . 8 -60 -
1.3 -59 -
1.9 -57 -
5 . 0 -50 -
E, 
Test No. 5, page 35 
= I75 volts, E = 150 volts, E = -3 volts, E = 36.0 volts 
En = 40.0 volts, e , = 3 volts rms, dr ' sd ; 
s g l 3rd Order 5 t h Order 
Volts rms in db in db 
0 . 1 -60 -
0 .2 -ko -
0 .5 -50 - • 
1.0 -55 -
2 . 0 -61 -
3 . 0 "65 -
10.0 -62 -
15.0 -62 -• 
Desired Signal Level 











Test No. 6, page 35. 
E = 175 volts, E = 150 volts, E = 36.0 volts, E = k-0.0 volts 
bb g2 dL dr 
e , = 3 volts rms, e _ = 10.0 volts rms 
sd sgl 
E 1 gl 
3rd Order 5th Order Des ired Signal Level 
Relat ive to Maximum 
Volts in db in db in db 
0 -61 - 0 
-1 -t5l - 0 
-2 -63 - 0 
-3 -62 - 0 
-k -62 - 0 
-5 -62 - 0 
-10 -62 - 0 
-20 -60 - 0 
-22.5 -40 - 0 
-25 -kQ - -ko 
Test No. 7, page 35. 
E n = 150 volts, E _ * k volts, E,T = 36 volts, E, = kO volts g2 gl dL ' dr 
E _ = 3 volts rms, e , = 10 volts rms 
sd ' sgl 
**, 
3rd Order 5th Order Desired Signal Leve 
Relat ive to Maximum 
Volts in db in db in db 
300 -61 - 0 
250 -62 - 0 
200 -61 - 0 
150 -65 - 0 
100 -70 - 0 
Test No. 8, page 38. 
R = I75 volts, E = 150 volts, E = -k volts, E = 36 volts, 
E. = 40 volts E , = "5 volts rms, and e _ = 10 volts rms dr sd J ' sgl 
Impedance 3rd Order 5th Order Desired Signal Leve! 
Tap Point Relative to Maximum 
Volts in db in db in db 
1 "65 - -12 
2 -62 - 0 
3 -65 - -12 
h -60 - -20 
5 -60 - -21 
6 -60 - -25 
7 -60 - -28 
8 -60 - -30 
9 -60 - -32 
10 -50 - -33 
11 -50 - -35 
